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BT =[Bnii (sq)B
nj
j (tq)B
nk
k (uq)]i=1,...,ni ; j=1,...,nj ; k=1,...,nk ∈ <
(ni+1)×(nj+1)×(nk+1)
=[Bni0 (sq)B
nj
0 (tq)B
nk
0 (uq), B
ni
0 (sq)B
nj
0 (tq)B
nk
1 , . . . , B
ni
ni
(sq)B
nj
nj
(tq)B
nk
nk
(uq)],
·
3
¹
∆P T =[∆Pijk ]i=1,...,ni ; j=1,...,nj ; k=1,...,nk ∈ <
(ni+1)×(nj+1)×(nk+1)
=[∆P000,∆P001,∆P002, . . . ,∆Pninjnk ].
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>¹
MNdQab¾¨>^`NdQ^`N)gŁf~K£¤n|f~\Qﬂf ^`Qﬂb}]_nkf {dfhn\~\c)^ﬀ· G½¹ aypb1©LQQﬂ¼K{)f`Q]`]`Qa~1yk](yt]_gPR{dŁQgŁb)bdQﬂf{dfhnK~dc)^n|b
<(ni+1)×(nj+1)×(nk+1)


∆q = BT ∆P.
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{)y|fhy|PRQ^`Qaf`gayp^`gn|b¾¥
MNdQ$yk~dyp{d^`gn|b7{df`n\ﬂQa~\cdfhQ1n\ﬂﬂcdfh]yp^]_nkPRQR]_^`Qa{)]n|±(^hNdQ*]`N)yp{LQ1n|{\^hgŁPRgayp^`gn|b«{dfhnKﬂQa~\c)f`Qk¥ ¤^g]bdnp^ﬂŁQypfy/^^hNdQ
{dfhQa]`Qﬂb>^^`gPRQª&NdQab¡^hNdQyk~dyp{d^`gn|b]`Ndnkcd~¡©}Q ﬂy|f`fhgQa~«n|cd^nk{\^`gP1ypŁ[k¥¡MNdQ]`N)y|{}QN)y|]t^`n§©}Q ﬂŁn>]_QQﬂbdnkcd|N¬^hn^hNdQ
nk{\^`gPcdP ]`N)yp{LQgŁb nkfh~dQﬂf^`n${)f`n/°Kgj~\Q]_cdgŁ^hy|©dQyRgŁb\±¶nkf`P1yp^`gn|b^`n*yk~dyp{\^&^hNdQ{)y|fhy|PQﬂ^`Qaf`gayp^`gn|b¾¥Un/ª(Qa°|Qﬂf¨\n|b)Qª(nkcd~
gﬂHkQ­y|~dy|{\^`gn|b ^hn¬nKacdf*©}Qﬂ±¶n|fhQ^`NdQ ±¶c)Łºn|bK°kQﬂfh|Qﬂb}Qnp±º^`NdQ­nk{\^`gPRgŁy/^hgŁnkb gj]$ykNdgŁQa°|Q~ ¨(gb n|f~\QafR^`n¬gP{)f`n/°kQ^hNdQ
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^hNdQb)yp^`cdfhQn|±^hNdQtyk~dyp{d^`gn|b n>]q^z±¶c)b)^hgŁnkbypb)~{}ypfypPRQ^hQﬂf]ﬂ¨\^hNdQtyk~dyp{d^`g°|Q]`N)yp{LQn|{d^`gPgayp^`gn|b {dfhn\Q~\cdfhQg]z»)b)yp[
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G|¥ ³bdgŁ^`gjypgŁy/^`gn|b
Ê(NdnKnk]`Qypb gbdgŁ^`gjypﬀ]_N}yp{LQ
S
(0)
M0
nkf`fhQa]`{Ln|b)~\gbd«^hn¬^`NdQ7gbdg¢^hgy|º~dQa]`gŁkb °½y|f`gjyp©)ŁQ]
∆P
(0)
M0
= 0
±¶n|f*^`NdQ§gŁb)g¢^hgy|
P1yp{d{dgbd
M0
·¶gj~\Qabk^hg¢^q[*±¶n|f&gb)]_^hypb}Q¹¥
\¥ &Qﬂ|gbdbdgbdRnp±
^`NdQnKn|{n/°|Qafyk~dyp{d^`gn|b]q^hQﬂ{)]
]_Qﬂ^
l ← 0
3
¥zYKN)y|{}Qnk{\^`gPRgŁy/^`gn|b
l%Qﬂf`±¶n|fhP
kopt
nk{\^`gPRgŁy/^`gn|b]_^`Qﬂ{}][>gQﬂj~\gbdR^`N)Q]_N)y|{}Q
S
(kopt)
Ml
~\Q»)b)Qa~©K[1^`NdQ~dQa]`gŁkb°/ypfhgjyp©dQa]
∆P
(kopt)
Ml
¥
)¥l+ypfypPRQ^hQﬂfhgŁy/^`gn|by|~dy|{\^`gn|b
Tz{@~dy/^hQ^`NdQRP1yp{d{)gŁbd^hn
Ml+1
©K[­PRgbdgPgﬂgbd^`N)QRyk~dyp{d^`gn|b§ﬂnk]_^±¶c)b)^hgŁnkb¾¨F]`cd©\oqQa^ﬀ^`n^`NdQ1nkb)]_^`fypgbk^º^`N}y/^
^`NdQ]_N}yp{LQ
S
(0)
Ml+1
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s = φ(ξ) t = ψ(η) u = θ(ζ).
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